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(^i^Aiire^retBrdarrtisheet matenaL:the;iTiBnufacturB'.t^ 

andiB'fireTriBtardant^poiy^^rTYcr com 

8lwM[b manufactured.f rorn.a conn|F^ 

lo7B%bV' weight 

affK^brrnqgnasfumhydroxide/and'o 

or.Galdum;cari}onate;:atrieast.2% 

tion being Jn the form of a graft xxfpblvrnerwHh an i^^^ 

unsaturmed carboxylic acid or/ahhydnde Th&connposrtion 
hasa mett index of 0.05 to 4:0 dg/rnml jh^n embodirrra^ the 
Ocafttxipolymer has a shear viscosity at 200Xand« shea 
of 400 sec'* that is not mpre than 50% of that of the 
polyefhytone. The sheet material may be used for, in particu- 
lar, caillng tile, in embodiments of the composition, 60 to 90% 
by weight may bo alumina trihydrate and/or magnesium hyd- 
roxtde« and optronalfy zinc borate and/qr calcium carbonate. 
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riRE-RETARDAKT SHEET MATERIAL 

020TT34 

The present Invention relates to f lre-retard«rr^ 
sheet infiterial and especially to such sheet material oS^t^^a^^ 
ed from a polyethylene composition and intended for use'^^iinL . 
the construction and building indusi tries. # 

F 1 re -re t ardant p liast: tic compps it Ipns a re knpv?n|;;^5^ : i 
the art. , The polymer :of such co?T;ppBiitipni5^^^ 
vinyl chrloride, or; ;a= re^Lat;ed polymeJTr or the c^imposii^ic?^ 
contain ha;logenated c^ as fiame-ret^rdant agent g^wp^iV^S^^ 

Although such composttions miay tiave conmiepcialiy-apc^ 
prope^rties:^-' there ' are concerns about :flaine^retardan-t;/;::^..:%^^^^ 
caj^dB:i4i^qns. that ^ ^ppnta^Jn ..h:a;ioge;n;^ted ■ especilai^ia^ 

with/:re^Epect tcr '^thel- toxiqi^tir :ari'^\^rr^s;ly^ 
d'e'dpn^pJs^^^ "■'that .-may. fbe-^if ormed^'-i^^ 

fabricated- from such fi-re-r^etardant compositions are:.;;, 4^^^ 
-sub'jected^ to -heat - 

'Gompbsiitions:,' vith^.f ire-retard'M properti!e^/|:M|^^^^ 
th^tv- do" ■■not" ■cont'fiSnP'^h^l.pgenate ;iha't^ri:als ■ are a-isd 'lcnown^%i^ 
Such cbiroositions may be based on pplyoief insr polyam:i^ 
the ■ iifce^^ and: contain filler: materiailE ' e • g. ' Eo-called^V .V'- ^^-ry^x 
aluin:ina-;t2nl^^ CAiifOHj^;):/ magnesium hydrpxide., ca:icira^:^g:^^ 

carbonate^ antimony tribxide, clay and the -ti*c^ 

con5)ositions are of ten usec3 in the wire coating indu&trY#^^^.^ 

Sheet stiructures are used in the conEtrux:tj£on;/ 
building industries* For example, such structures ma^y be^ • t 
used as ceiling tiles, wall panels, vertical blinds or thie 
like. It is preferable and/or necessary that such sheet 
structures have f lame-retardant properties. In particular r 
it is advantageous for such structures to be capable of 
meeting the requirements of a bum test conducted according 
to the procedures of ASTM E-84, especially the. character- 
istics of Flame Spread Index (FSI) and Smoke Density (SD). 
Such characteristics may be specified in gpvermnental 
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regulation. «nfl/or b. included in .pecif icat ion. of ether 
org'^nirationB. e.g. the UncJerwri ter« Lirba«.torl*B of .C.na:cla,y 
and: the U.S.A., and he er^bodi.d in building codes or 

guide lines, or the like. . i-^^i--; 

A compatibllised filled poly olefin coitipoBiti on ; ,.; 

co,ni.ris.ing a. :hydro,;y^-^ontainlng :f ill^er ,.enx:apsu.lated trr |g 

poiyoM^in ha^iirg a relatively .hi^gh n,e:i.t .^^mSex ,and 8u:bE;^-.,;j^,; 

qu&tiy coinpbund^d wi*h a poiyolefln ' IvaviBg a relativB,^,,!^ 

,n,e3t ^iBde^ is' .diisclaB.ed • in :Can«di:an Patent ;B8.4. .935 otj^-.^gg^ 

GaMd/- issued November.- q^.,. ^^^^ 
fi-i!iet^-^ay^^be'^caTried;;6ut^i^ 

ly%s;aturated.caxbo)g^ "'^S^:^ -^^S^^ttll 

thSt:^ -gBri^B^^^'-'^^^ ' radica^lB:.;; ' ■::';v:;?iB 

\ln; Japanese patent ..;applica:tiorv 55 112 24fr,■.^-ptIb||||^ 

li^hed^isfiO ■■■August a^:',!!-. 'Wa^^^et^ ii^-'di^oibsed-'^oon^o^li^^ 
coirising 5;6-30:0- parts, of. part:iculate . li^c^rgani^c- cor^o^^g^ 
per lt>6 parts of po3:yolef in, and^-SC^ partes, of .inalel^ 
mer per 100 parts of inorganic compound ^ Poly^ethyl^ne: . ; , 
having a density of 0.9ip-d.945; g/cTn^ and a melt index of 
0.01-2V0 dg/iain -is the preferred polyolef in., Male;ic..:polying| 
vas.-def.inad :.as.-.polyiner :conta^ 



especially maleic polybutadiene and polyp^^ppylene graft ^ • 
irtodified with maleic anhydride. The maleic polymers were ■ 
stated to be of relatively low molecular weight, preferably 
1000-5000, and to melt and soften at less than lOO-C. 

It has now been found that fire-re tardant sheet 
irvaterial may be formed from polyolefin compositions. 

Accordingly, the present invention provides m 
fire-retardant sheet material having a thickness of at least 
250 urn, said sheet material having been formed from, a com- 
position comprising: 

(a) 10 to 45% by weight of the composition of a poly- 
olefin selected from the group consisting of: (i) horaopoly- 
mers of ethylene and butene, (ii) copolymers of ethylene 
vith at least one hydrocarbon alpha-olef in having 3 to 10 
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carbonr, (lii) graft copolymers formed by graf tins 2 J^^^ 
by weight of at least one of an e thy len ideally uns^^ 
caxboxyiic acid and an ethylenlcaily un&a^turafced 
acid^ arihirdride onto a hydrocarbon polynveiry said liy^drQqj!^-|f^P 
pcyJ^iTier ^bein^ a pDlymer; of .at leaB± one- ^of ethyj:e^e ■^trrf^^ 
butene having a meilt index of lesp than JtPO .dg^/mi:r)^ 
mixtures thereof r with the proviso that at learnt 2* t^y^ 
• we-tght. :6f -the coir^o&itlxjn is .s/ald^ graft ;.,CQpol3OT 

i^h) 55 to, AO:*, by^-weight -of^ Uie j-compos^i^^'i^^^ 
f i^i^er I'C^ d ;f i ller con^ri b ing, AO to . Xp'ff^ ;:by' .if ei^gj[^ 
lea^^t/'one^ of ■ alum^i.na^ tribydrate ^r\(5,-:jx\s^gi^^ 
0' 't&D^-'66i*^':by^ at ".least one'. of -x^f he' : bdrat^Q^ 

cfiLic^i^m^:' carbonate.; " _ . . ■ v;:^.. \ ,;/^^>g{v:;g^^ 

M^id^^ coinposi^tion'^h melt index in/rthe "' rartge-^^^ 

4-. &r^dgvfmtn. r . and ■ • ' ' -y:;^: -i^^i^^ 

said fire-retardant sheet having a Flame Spread i^pdeoc 
l^^j^ than 150 and a Smoke Density of less tha:n; 3^0^-^^ csii^ 
measured by iJie procedures of ASTM _ 

In a preferred- embodiment of the sheet inate'ri^5^ 
^of the. present- invention,- ±he graft:- copoly^ 
anhydride-grafted polymer of ethylene. 

In another embodiment, the sheet material ha% a 
Flame Spread Index (FSI) of less than 150, especially le&s 
than 25, and a Smoke Density of less than 300, especially 
less than 50. 

The present invention also provides a composition 

coii5>rising: 

(a) 10 to 45% by weight of the composition of a poly- 
olefin selected from the group consisting of: Ci) homopoly- 
mers of ethylene and butene, (ii) copolymers of ethylene 
vith at least one hydrocarbon alpha-olefin having 3 to 10 
carbon atoms, (iii) graft copolymers formed by grafting 0.2 
to 2% by weight of at least one of an ethylenlcaily 
unsaturated carboxylic acid and an ethylenlcaily unsaturated 
carboxylic acid anhydride onto a hydrocarbon polymer, said 
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hydrocarbon polymer being a polymer of at least one ef ' 
ethylene and butene having a melt index of leBS than I'DO- 
do/min., and (iv) mixtureB thereof , .with the,pr.ov.l.Bp that ftjt 
leas;t 2% by weight of the composition is said graft 

copolymer I and .ji.;;..;. ,;/ 

■ ' (-b) 5S to 90%, by weight c-f the .coii|fK>sit%n;, ; Pf 
filler, said filler cpinptr:isirrg- 40 ' td' i.(5C^;;|s^.:weigli^^^^ 
leait one of 'alumina ' trihydrate' and; magnes.;!:uin;hydxo}ricae -.a^^^ 
q- t^' 60% by weight of /z'inc- .boirate/and/or caa-cium xz^rbqn^l^ 
sail :compoBition.; having a- melt indea.- in.,1:he range^^ot ,^0j^^^ 

'4-.D^^^dg/min.. ■. ■■ ^ : S- '^^--yfi 

]::-■■ In:. «^adit:i:oh,:,:the.;pr^^^ 

protesB ' tor:Mmin^. ' a ' f i re -r^iirdant;';sJiee^ .:mat er la^;- ^^^^M 
priBiing the steps ■•of :■ ■„ . :-^\:-^f"^''^^^^^^ 
■ • '.f eeding:;-^p an- ;e3ftr^der - -adapted for .;the extrufi-onr^o^j..;- 
shiet a coiippsit.im::;Cpir5)riBi:^ . ::_,::^-:ii,.:^:r-::%&;^:^ 

(a) 25 to .4S%^by-;wei'ght' of the corapos'i^tioin pf;-v^^\p^ 
olefin selected from the group- consisting, of :• . ■ri;)';hc>nio^Q^: 
mers of ethylene' and butane r iii ) -.copolymers' 'pf eth:^en^;||;^^ 
with at least' one hydrocarbon ■alpha;^lefin ;.h^^^ 3f to;;i&||.:^ 
- ^arion:- atoms r -(^W- -graft- -cppplymer^^^^c^medrl^-g^^ 
to 2% by weight of at least one of an ethylenicelly vinsat- 
urated carboxylic acid and an -ethyleriically unsaturatea 
carboxylic acid anhydride onto a hydrocarbon polymer, 
said hydrocarbon polymer being a polymer of at least one of 
ethylene and butene having a melt index of less than 100 
dg/min., and (ivf mixtures thereof, with the proviso that at 
least 2% by weight of the composition is said graft 

copolymer? and 

(b) 55 to 75% by weight of the composition, of a 
filler, said filler conprising 40 to 100% by weight of at 
least one of alumina trihydrate and magnesium hydroxide and 
0 to 60% by weight of at least one of zinc borate and 
calcium carbonate; 

said composition having a melt index in the range of 0.05 to 
4.0 dg/min., 
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IB) heating Bald coinpoBition to a temperature above the 
melting point of the poly olefin but Iobb than the 
teipperature of decoinpoBlt ion of the f iljer ; and 

to erktruding Bald molten con\position through a ph&etin^j- 
die arid cooling the Bheet bo obtained. Bald sheet ha^^m-i^^^^ 
thtcKneEiB of at le as t 250 vim* 

In a pref erred erhbod iment of the? proc e b s ^ • of ^ ^th;?^- • ^ 
present in ve n ti on, the coirif^iOE It^on has . been compojand^eci 
to b^ingrfed^^^ adapted for the extrusjtpn pft^^^ 

Tiie polyplef i of the present invention ±sj :£oi^^^^ 
from ■ hoitic^q3^^ ethylene and;" buti^ne and/pr ' copolyine^^ 

of ethylfe^ne and at leas t one C3 - Ciq, especially ■ -^r^--^^- 

C4' - Ci^> hydrocarbon alpha'-^olef in. . ^Evai^les of sacll.- 
hydrocarrfadh- alpha-olef ins are fautene-1, hexene-1. atnd-. -'M^:'--^ 
octene--iV The preferred polyolef ins are hoiiiopolymers of;^^ : V 
ethylene and copolymers of ethylene and C4 - Cio hydrcrt::arb0^^^ 
alpha-olef ins; such preferred poly olefins are genera^y 
referred to herein as polyetJhylene and the present in\^enl:ij<^^ 
is particularly describec3L here:inaf ter >rith ref erence-^ 4^ 
polyethylene as the polyolefin. 

The density of the polyethylene will depend on 
the intended end-use of articles r especially sheet , fabrica- 
ted from the coirpositions and the properties desired in such 
articles. High densities tend to give relatively stiff, 
brittle sheet whereas lower densities tend to give 
relatively flexibler tough sheet. The polyethylene will 
have densities of at least 0.890 g/cm^, especially 
0.910-0.965 g/cm^. In preferred embodiments , the polyethy- 
lene has a density in the range of 0.935 to 0.955 g/cm^ and 
especially in the range of 0.940 to 0.945 g/cm^. 

The polyethylene preferably has a melt index in 
the range of 5-30 dg/min.r especially 8-20 dg/min^ Polymers 
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of broad mol^eeular w.eight diB.tribution n.ay exhtbit better;;., 
proceBBability in the :pre:pa:ratlon of the comppBltions than^ ^ 

■ pdlyrnerB of Wrrow mbl^ecir^ v^ight distribution.. In th^-. , 
she^t:inB :prope.pB, &m. indea is pref ex;«b3fy ^8.20 dg/mlr.^., ; 

■^3 m pxeferred-einfeoda^ii^ts the ^pre sent invenfctc^n, 

■ -In an -embodiTnertt.,- the polyethylene .i.B . a blend^^^- ■ 
comprising SS -iolMr esg^cialiy-^eO ^to 70.%/ by/A^eightV ;o||:;:: 
V": polyethi^ijene^:tein.g:..a ine;i^t-index in the ra^g^, r^' 3 to ,1;CV J: _ 
: \ dg/min, meit ihaex: being measured by the methbr of AS-TM . _ 
D-123B (Condition E). ihva pref^erred embodianent, the. ii.e|t;^ ^ 
index of 'sti^h polyethylene is in the range o^ f .to 7 agg^D;. 
15 The. polyethylene, of; such a blend also comprises 25 to. 

• especially 30 to 40%, by wight, of polyethylene having: av^,?^; 
Tnelt index in the range of 30 to 80 dg^in. Iti a pref err|g; : 
embodiment/ the melt indax of the latter polyethylene is Jpv; 
the range of . 40 to 55 dg^nin. The polyethy lene having th^,- -. 
20 higher melt index is preferably an ethylene/hydrocarbon 
- " aipha-olefln^oopol^^^ ^^^^ °f lower . densl|:y 

than the other polyethylene of the blend as polyethylenes of 
lower density tend to have lower melting points. The 
combination of higher melt" index and lover melting point 
25 tends to facilitate the compounding of the compositions of 

the present invention. . 

The blend will normally be prepared by admixing - , 
at least two polyethylenes to form a blend of the intended 
composition. ' Such blending is preferably achieved by 

30 physically admixing pellets, granules, powder, or other . 

comminuted shapes of the polyethylenes. As an alternative, 
the polyethylene blend may be a synthesized blend e.g. 
obtained by the use of multiple reactors and/or multiple 
nionomer injection in an olefin polymerization process. It ' 

35 is preferred, however, that the polyethylene blend be formed 

- 6 - 
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by blending syntheslxecJ polymers, not i?y in Bitu »ynthftEl# 
in e- polymerix*ti^on pvocewn . 

The pplyethylesrie coxnpriBes ID to 45t by ^^j^.i^^3^:0ti, 
the oon^>OB;ijtiDny .How^^ fiome xnethodB for f abrltcal4^?^^>^ 

of ftrticles.r esjpBclai^^^^!^ extrusion p^pceBsesr the pjzr^i^ 
ethylene Bhouid 1^^^ the cpmposltion. 

The cQnipp^^^ the pi:e^Efe:nt Invention elBO;;-: -^^^ 

contain 55 to 9;0ir especiaiXy 55 to 75% and more 
part.iil:ular% 6;0 72^> Iby weight of the pajr^ositlon, of aj^;: 
filler* ■ Of this ; filler, JffO. to 10.0.,part:s:;:h»y weigfit Is;';, v., J.,^!'^^; 
alumina trihydr^te viz* (OH)3 andy^or 

In/entt»6diinents,.la:il.. of. /the filler /is ^liiirtlna- trihyarat^/^ 
all of the filler; is irvagnesium hy^roKide. The remaiiraer- 
the filler i,e, 0 to 60 parts by weig^ zinc borate 

and/or calcium carbonate. It is to be understood that tli^ 
coii5>osfitions may also contain pigment, especially 1 tp 
weight of pigment, as well as stabilizers and the lifce knci^no 
for polyethylene. Any siich pigment forms a portion df the ; - V 
up to 60 parts weight of filler that may otherv(^is& be 
zina borate andv<or calcium carbonate. In an embodimentr tiie 
f iller is alimiria: trihydra^ 

In order to facilitate processing of the compo&i— 
tions of the invention, it is preferred that the filler have: 
a broad particle sise distribution. In an eml>odiment^ the 
filler has a coarse fraction and a fine fraction r in which 
the major portion of the fine fraction has a particle size 
in the range of about 0.5 to 5 pm and a median of aibout 1.5 
pHr and a major portion of the coarse fraction has a 
particle size in the range of about 1 pm to 35 pm and a 
median of about 12 pm. The filler should have 40 to 60% by 
weight of the coarse fraction. High propofliions of fine 
particles in the con^osltion may cause processing difficul- 
ties, ©specially at high filler contents , but may be advan- 
tageous with respect to properties of the sheet that is 
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obt&inecJ. 

Of the polyethylene portion of the compo^ittqRS . 
of the invention, at lesBt 2% and especiftUy 2 to 20:l,^ ')^: ■ 
weight of the coinpoBiition is a grffft copoiyiner. The orajt 
5 copolymer is formed by the grafting of an ethylentcaiaynf ,, 
^ : un^a4rated carboscy lie -acid, or derivative thereof , 

especU^ -ethyl eiyicall^ unsaturated: carboxy lie acid . 
^ anhydride, onto a;. hydrocarbon poly^^^ ^ref^r|g|^,. 
■ tlie; -graft monomer is 'irfaieic acid\or inaletc anhydride. . .^^ 
#: hydrocarbon 1>oiiner ^B^a■■ p^^^ least one of _ ethy^Lene-- 

ani^'Sut^ne, especially a hoic.opolyit.er of ethylene; or a . o;^^^^^ 
"■y;' cop«jIymer' of eth^lferi^Cw^tJ^; C4:;- Cro;:tjydrocarbqn alpha-- 

olefins ■:e..g. copoiirmerB of ethylene with propylene , 
■i;5r. buterte-l, hexene-IaSi/br octane^ 

■ Techniques for the preparatiori of grai cbpolyiaers are . 
knoW,n in the art, preferred exanples of which are disclpsea: 
in the Canadian patent applications of G. White and of q.^v . 
Wong and R.A. Zelonka, both filed 1985 June 27. Graf^d: : 
20 copolymers may also be prepared by thermal reaction, of . ; 

maleic anhydride with polyethylene at temperatures pf at \. : 
- - -- least about- 3 75»C-.-- --Graf tedrcopolymerB-^-^^a^^ available. - - - 

commercially from Mitsui Petrochemical Industries under the 

trade mark Admer. 

25 While the use of the graft copolymer in the 

coiroositions of the invention may facilitate compatibility 
of filler and polyethylene in the compositions, the graft 
copolymer has more significant effects on the physical 
properties of the compositions and articles fabricated 

30 therefrom. In particular, as is illustrated hereinafter, 

increasing the graft copolymer content of a composition may 
have significant and beneficial effects on, for example, 
toughness properties of the compositions and articles. 

The graft copolymer used in the pr.esent invention 

35 has a melt index of less than 100 dg/min. and especially in 
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the range 5-100 dg/mln # The preferred range of jnelt index 
of the graft copolynier iis 10-30 dg/mln. In embodimentar^^^^^^t^ 
coitpositions contain 5 tp 10% by weight of graft copoljgn^,?^^^^^ 

In preferred :ejnbod|imenfeB.^ the . grafit cqpolyiT^ 
the conposition has a Bhear . viscosity at 2:00^^C and a ^l^a^p^ 
ratW of 40:0 pec"^ that is not more than 50% of that of th<e 
polyethylene of the conppsi tion* Preferably the shear 
vlEcosity of the graft copolymer is not more than ^Ot c>f^-; 
th^atjor^ 

The composi t ions of the: invent i on ha ve a melyti:;; '0?:, 
index: in the>range of 0. 05 to 4^0 dg^^^^ espec%iiy 6^:5;-;^^ 
2.5 dgymin. ; melt index is measured by the procedure of ; 
D-1Z38 (Condition E). 

The compositions of the invention ma^y be fed^ 
directly to an extruder e^^uipped for prof iled extrusion-, 
especially the manufacture of sheet. However, in that 
event, the extruder would need to be adapted for intensive 
mixing as the compositions of the invention require a high 
degreie of mixing both for unif ormity ^^^^^ „ .. _ 

extrudability. It is believed that feeding the compositionB 
to a single screw extruder not adapted for intensive mixing 
will likely result in processing difficulties. 

It is preferred that the con^ositions of the 
invention be pre -mixed or compounded prior to being fed to 
an extruder adapted for profiled extrusion, especially the 
manufacture of sheet. For instance, the conupositions may be 
confounded using a twin screw extruder, a high intensity 
fluxing mixer e.g. a Gel imat* mixer, a Farrel* continuous 
mixer or a Banbury* mixer. The use of such equipment is 
illustrated hereinafter. All of such equipment is adapted 
for intensive mixing or con?)ounding of the conposition. The 
coii5>ounding equipment should be operated at temperatures of 
less than the decomposition temperature of the filler, it 
being understood that if the composition contains more than 

* denotes trade mark 
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one filler, the teiriperature I0 lower than the lowest decDR!!?, 
position temperature of isuch filler*. For exarnple, th:e: ;, : 
tenf,e,ratu.re .should not be higher than 200*C >^hen the f^^ll^r. 
coht*tnB :aauitrfina .trihydi^afc* .If temperatures higher ; t:h«r»;;>-.:, 
the '-dB conpoB.it Ion . t are . used, the f lr^-ret&r;dVnit:,;. 

properties of ^ the . sheet bhtalhed may be affected de leite^rir-,; • 

ouslly. . 

The compositions of the in ve n t Ion , prcf e r ably in. 

a confounded form, are fed to- -an .extruder equipped fpr;;>- ; 
profiled extruKlbn, ;espe.cially the manuf;actu,re of .sh^e€., . 
:S;.- The '■^contpositton';!^: -heated ^to-^^ ' temperB;t:«,re ^a:t)pve...- 
^':■" ;.■ point of ' the .poi^ethYiene-, ; but" ' less than ; the; :dec6mpo5l-t ^?srg. ..^ 
\ tenisj'&r^ure of tlib- ftl.le.r:. ^ The molten boinp6sitlon- Is- ■til^n^;^^ 
'r^' ... extruded- through, .for exajnple^, a sheetlrig; die , such &i&^^.y-.0^ 

■ bei^g -known-. The' resultant sheet is then cooled. The^ '^^et- 

■ has a thickness of at least 250 vm, preferably 400 to €0|D|:; 
v m and especially 500 to 750 vm. The thickness of the- . shfiet - 
will depend, in particular, on the intended end-use.. 

The sheet obtained from the process of the 
2;0 present invention may be used in a variety of end-uses tfiat , 
- --— -require, or- advantageous ly-^can :.u.ti.llze. .flame. retardant-Bhee^t. 
In particular, the sheet may be used in the construction and 
building industries. An example of such use is as a celling 
tile. In such an end-use, the sheeting will normally be 
25 pigmented, especially with a white pigment e.g titanium 

dioxide. For ceiling tiles, it is preferred that the tile 
have sufficient flexibility and toughness to withstand 
handling during installation and cleaning. Ceiling tile . 
made according to the present invention may be cleaned >»y 
wiping or the like. The ceiling tile may have holes, 
especially holes that have been punched in the tile, or the 
like for acoustical or other reasons. 

As is illustrated hereinafter, embodimemts of 
sheeting of the present invention are capable of meeting the 
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requirementB of the burn test set forth in ASTM E-B4, 
entitled "■Surface Burning CharacteriBtics of Building 
Materia^*'. The roethp^ stated to applicable to 
exposed; \Burf aces e.g^ wallB:, pro\rided that tlhe:. 

■ '■:!5,, material or Assembly : 1b capable of Bijppartlng It&elf •■in,-,g^^^ 
pos'itipnvor beings suppprted du ring th^ .per ipd.. Pl|kTni|: : 

• Bp:rr^a4'!;taElong;''t^^ sradt^B::^^ .dev.Bl6^e^^r^^ 

repprtedy the coirypara tl ve surface being red oak. ^^^fe;;:-: 
-f;^^- e.xpbs^S^"^i hciiril^na;!-^ -q,.,51. .in Bai^:ie:;tto,,a ' contrc^r^^ 

jiicr-: flow an d: ; f 1 ami ng f i re. e xposu re ad j:US te d . to; spread the- 3t^(e;- 
'Wy^ al^ng.;-the enti^re -^^ .a:. red oak •Bp>ec:imen- in- :5..5.;- 

;.;;;C.'/ minutes i?^;.. . ■ ]-;-.,:,... ..■■., _...,.■„ . ^ /■ '■■^y^jpM-y 

Flame spread is determined froni the rate: :of ; 
spread: Of flaine-:on the-:test specimenT. the- 'fl^me spre^^^ 
S.- rating^/ known as; Flaine Spread Index (FSl) and discus&ed i^^^ 
ASTM E-^84;^ is determ:inec3 f rc«n the area under the. curve pn/ a. : 
■graph of flame spread distance along the test speclmein 
against time,, over the initial period of ten minutes . of . th^: . 
burn test of ASTM Smoke density CSD) is based on^^.a^^^^^^^^^^^^^^^ 

20 value of zero for asbestos-cement board and 100 for r^fi oaJC:. 
- ; - In- both- instancesr lower "values" represent-superilSir fiS^e^ 

retardant properties. Values of less than 150 and 300 for 
FSI and SD, respect ivelyr are deemed to be acceptable for 
many end-uses. Preferred values of FSI and SD are 25 and 
25 50, respectively. The values reported herein were 

determined by Underwriters Laboratories of Toronto, Ontario, 
-Canada- 

In addition to fabrication of. compositions into 
the form of sheet, as described above, con?)ositions of the 

30 invention may be formed into articles using other processes 
e»g- injection moulding processes. As is illustrated 
hereinafter, a range of compositions may be injection 
moulded into articles, but it is to be understood that, 
depending on such factors as the physical shape and 

35 characteristics of the mould and the article to be moulded 
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find the .injection,inpu;3:dinB appejratw*. sop cQwpwStfipriB:;:7p^,^^^^ 

wi.lV';l^ ■u:nderB:to-c^ .. . " •■:„..■.';'-.■. 

15 ahar cooled.- " , - . - ^ ^ ' - - ^x--.' ' .^^Vv;i:y^■v ^ 

Samples of the sheet were tested in the burn test 

■ t&STM i-Sa in ' whi^ Spreaa In5«c- (FSXT ^nd^^Qfcej? 

Density (SD) were .determined/ as dte^ 

Further details and the results obtained are 

20 given in Table I. 
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RUN NO. 



Polye 

2api 

. 2114 



V.r,:.' '^■29••■ '^''2ff^^^^^^^^^^ si'' 22 . 



10 



15 



Filler** 

(ViGf 

Pigneht {3SP2;)i 



:3J? 



::. -3.;.; 



*•*=* 6 



3 



..65 • , „6S;.,:.. ,7V.v 



. Graft 

(% of Gca^os-itiap-^y^^^^^^ 

Sheet Thickness 900 1275 1025 MO - 8^^ 700 S^Si 62^ 
20 (ndcTOTs)" ■ 



25 



Ccanpasitioh 
Melt Index 

aum Test**** 
FSI 
SD 



NA 1.2 1.3 0.6 0.1 0.05 0.2 0.8 



185 255 20 8 24 15 10 2 
110 90 30 10 50 75 28 18 
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a 2.907 ■ ECLAIR 290.7 poly»thyl»ni , «n athylene 

homc^olyniftr having a dens^ity of 0. «0 itril 
a. snfci^t tniex of '5.0 dQ;/min. 

.'■ m^Ii^'-^l^ride^:';^!. ^^^^^^ ■ .g^.;;;-; 

cppoS^et^a^^ 

of relaii^ly ^mall and - fege ' particle :&is.eB^^ 
a ratio of "about Isl- 
and: 8 . ^1. , r';^..-' ^ 
In Runs 1 to 6^ the graft coi|«)olyiner was an ethyleT^i- 
cilly unsaturated carboxylic acid grafted high denBStry- 
polyethylene coritaihing about ^^^^^^^ meilt- 
. ■ - : . - index I2^-dgv^in.;,_ having, a. narrow rapUcular Arei.g^^ „ ; 
distribution. 

In Run 7, the graft copolymer was a maleic anhydride 
grafted low density ethylene/butene-1 copolymer 
containing about 0.6% maleic anhydride, melt index 8 
dg/niin., having a broad molecular weight 
distribution. 

**** Determined by Underwriters Laboratories of Toronto, 

Ontario, according to the procedure of ASTM E-84. In 
Runs 4 to 7, the sheet had punched holes, to simulate 
ceiling tile- 

**** Runs 1 and 2 are comparative runs and are not of the 
present invention. 
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Example 11 020T734 
A serieB of compos i t lonB^ ^^^^^^ issins it 

.Geiiipat -inixex* The con^oiinded ^^^^ :v--'L::y-y:v 

presses ;i^^ta ;^^ haArin^g a ;th:i:cknes:B of abo^^ 

■ -^i ■ ■ ■F^:!^^ 

■ ■ " cQiiii^ ^^f^P^^ ' ^'^■^^^■'^■■^i^-^ '^-W^-' : ■ ; : 

^■^'"■^^:i:>"r?# tended 7: to :-t^^ ■■extruded-'^ln " 

pn^'prtes&u.feey.;cfc ■ 
'^mail- increase' in filler/ content.. 7Runs\ 1^- "to 1-6- show„ t^^^^^ • 
■" ef fecfc" qf'^a' di^f er^Tit'-cbnif^ Ruri -16.' :Rt3tis^ .3^6/^ a^d^^ 

25, for inst:arxce, show effects of polyethylene ; cc«^^ 

The iise of efchy lexie/^ethacry lie ac^ TOppiyi^ei: ,ag^^ 
conspatlbilizer gave plagues' that were not gua/te a&; good: a;s;: ; ? 

with: iihe- -ms^a^ anhydride, .graf 1^ cppGlymen l>ut „superior--tc>i;_':- - - ~ " " ' ; . ' " 
the BYK and'LiCA agen1:s« 

25 



30 



35 
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2907 » ECLAIR 2907 pblyf thy,lenr# «n •thylene 
homopolyiTiBr having a dervBl;ty of 0. ft&O 

- - ;av:.ine'11: index. ,ot;'S>;0 ...d^^ ^'-iSSM' 
29:ii4- * SCL-AIR 29:14 pol-yethylene r„ ethylene -hprnopo^y-^^ 
mer he v infl: a der^isi ty of 0. 960 g/cin^ an-cl-.^avm^^ 
■ incJe^,.of: ;^&0;;d^^ ■ ■ _ :.gJ^/;;• 

^1^0^'^;•'^^SGi:i^R 20^07' .pcfl^ethyl^Be^^ m :.ethyl.e:ne/bt4l::e 

ccDpolymer having a density of 0.924 g/cm^ J 
^- ■ ■■ine^-''dirtaex^ of . S. l dgy^trr* ;■ ^ " 

"■;7--"' c^i>6iymar;-.,ha.\^l^ densit:y':^:o| 0/9^24. :qyc^:-:-BTi^^ 
' iTi3:it index of ^ 53' dg/mi n . 

■.-Filler was alumina trihy.drate and titaniuin: diori^d:^-:-.^^^ 
Evfgii^nt.- The values reported . were (let term^ 
cOTfH^Tided coinpositionB/ from measurements of tlie ^asft^ 
content. The coii5>ositions contained 3% by weight of ^ 
the Goi^ of Ti02 . The alumina tr ihy dratev 

MIGRftL ,932/ from Solem Industries;^ in ali rains . except^ 
Runs: 171 ^nd- 18. where SB 332 was used and Riin 2^ 
a mixture of «ICRAL 932 (34%) and .^B 332 (30. 9%:) was / 
used. in Run 28, part of the alumina trihydrate was 
replaced with zinc borate, to give 34.0% alumina 
trihydrate and 30.9% zinc borate (by weight of 
coiT^JOsition) • 

In Runs 9 to 15, 17 to 19, 28 and 29, the graft 
copolymer was the ethylenically unsaturated acid 
grafted high density polyethylene of Example I. In 
Run 24, the graft copolymer was similar except that 
the base polymer was an elastomer, the amount of 
grafted monomer was about 1.7 % and the melt index was 
3 dg/min. 

In Runs 16, 25 and 26, the graft copolymer was the . 
maleic anhydride grafted copolymer of Exaiiiple I. 
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In Run 20, th» graft eo-polyrmer was replaced with ■^YK 
■ 5.3:16, an organic rait of car boxy lie acid, obfcai;ned 
. f roin BYK-'.Chemle USA of Wallingtord, Conn., U,.B .A-.. 

I;n Ru.nB \.Z1, to, '22:rr. the g^paft^iqopoilyiner was r epl;a,ca^;;--:^ 
■ with XSCft- :01V'- ■ LICA 09 and -lot' 4ir;nepa;:lkoxx;' 1;i,t^j^|e^;, 
rwec'tiveiyr .obtained ...frpiii :K:eTvrich :Eetrochemlcai*..'.:'' 
Inc. of Bayonne, N..J.., U. S.'A. 

. ■ In Run 27, the graft . copolymer was replaced, with ; 
. :[ ' .\ Nucrel« 910 ethylene/mefhacryli c acid copolymer. ; . 

Pressure Drop was determined in the following mahnert 
the compos i t i on was extruded through a single sere*?. ■ 
Brabender extruder at 19p»C and a screw spe^d of # 
rpm. The die was a capillary die in which, the 
capillary had a diauneter of 1. 52 mm and a length of 
4,57 cm. The pressure in the extruder immediately: 
prior to the capillary die was measured, and is 
reported as the pressure drop across the capillary. 
' " "die, in kg/cm^." " Pressure drop is a measure of melt 
.viscosity of the con5>osition. Low values of pressure 
drop are preferred; values above about 400 kg/cic-^ 
indicate potential difficulties in extrusion. 

Example HI 

A conposition was prepared from polypropylene, 
almninum trihydrate and graft copolymer- The polypropylene 
vas 18%, by weight of the coii?>ositionr of Prbfax 7523 poly- 
propylene obtained from Hiroont Canada Inc. (density 0*898. 
g/cm3, melt flow 5 dg/min) blended with 12%, by weight of 
the coii5)osition, of ST 6100 polypropylene obtained from 
Shell Chemical Corrpany (density 0.905 g/cm^, melt flow 12 
dg/min). The graft copolymer was a maleic anhydride-grafted 
ethylene/butene-1 copolymer (density 0.924 g/cm^, melt 
index 29 dg/mih) containing about 0.6% by weight of maleic 
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*nhydrl*(J» . The jconpc>B ttion copti[;l;n»id 4* by we/ight of gr^t 



flame' retaxdant 
propy-lene. 



30 



31 



32 . ■ 334" 34 35 36 



PDlyethyiene(%) 
PolYprppy J^ne (5%) 30 

Filler 56 
(1 of ccnppsiticjn) 



26 26 26? 29; 2? 2? 



6B 68 68 65 65. 65 



> Mean Particle Size 

c£ Filler (microns) 



1.5 



3.5 5.8 1.5 3.5 5.8 



Graft Copolyner 6 
(% o£ oonpositicrx) 



6 6 6 6 



Steet Thickness 640 640 640 640 . 640 640 640 

fBiicrtjns) 



Bum Test 
PSI 



50 18 11 13 9 



12 



SD 



55 55 32 47 45 42 72 
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Example IV . .■ 
A Beries of CDmpoeitlon* *rere cornpouncSed ;H?:l^njsi ,ft^ 
..G^lliTVflt mixer. The polymer a blend, in:.e:;::rat4^-P^: -^r:: . 
"fi^ :sci;^IR-.2-90T (homopbaynier of .ethylene;- den?;|j;y .^O..:^' 
■■■V:-^gI^cnv3v:melt index .;5-dg/inin) and ;SCLAIR;; 2114 ,:t«yleT,^/-,v\;::>'-.' 

bu'fcene-l.;copalymer, dehBity 0.. 9;2:4 :fl./cmt3, n.e^^^^^^ 
.., :^g^ The graft copolymer' vas the sawe ;«!t^ y 

The, aluniina trihydrate was obtained froiti Saleim : 

i^^^^r- i-nduetfies^ and'-was as -{ol^^ , . ■ .v 

-5^;:: ^.fi:); - ATH ?i2;h:aving:.a mean, partible, ^i^e -o^:_I.5 injc^^?^;.!^^ 
• -tl^) ^ ATH 632- ha^l^^^^ mean partic^e^ of; 3v5^ml^^ 

(i^i ) ATB 332 having a mean particle E±ze of 10 :ifficarbTv%^K ; 
A blend having a "mean particle sizeVof 5,'S -micror^y^^j.^ 
15 prepared by bl^ndliig >TH 932 and ATH 332 in a^ ratio -Pf ^g-^..^ , 

Sheet was prepared and tested us ing^ t^^ 
of Example III. Further details and ttie results obtai,ned.,^..^^\^^^^ 

are given in Table HI, as Runs 31-36. .. 

The results show that particle siite: has no 

20 apparent effetrt on flame retardant properties. _ y 

' . - — Example V 

The series of coii?>oEitions were prepared and 
compounded UBing a Gelimat mixer. The polymer was 
polyethylene and the filler was magnesium hydroxide. The 

25 coi.5)ounded cons^ositions were then fed to a single screw 

extruder. >,n 
It was found that the compositions of Runs 37-40 

could be extruded through a Brabender single screw extruder,. 

equipped with a 1.9 cm screw and a 20:1 length: diameter 

30 capillary die, using a melt ten^^erature of ISO-C, the method 
vas similar to the measurement of pressure drop described m 
Exan?)le I. However, the composition of Run 41 could not be 
extruded through a single screw extruder equipped with a 8.9 
cm screw and a sheeting die, thereby showing that extrusion 

35 of compositions may be dependent on the equipment being 
used. 

- 20 - 



d20T734 



Further .<Je;t»ilB of the: coirtpofi t ions ' ere .ftr'^p;j:^^vfsj^^ 



.'XUN ;NO.i 


1 ' 


37 


■ .. ^ 3B 


.3.9 ■ .- 




■.;2:9iip.7;j 


lylener 


IB 


■ 15 


1.6 ■ i: 


i^' :;l^I 


■ 


(%) 

. coinpoB i t toniy 


12 
65 


70 


■ ' - • ^2;c 

, 65 6E 


>;:-■, ■' . .^m 




• conip:pB;itiion:): 


■ 5 




















•**■ .the: 


'.gra-f;t copolyiti 


ler. was the. 




in EX:Binp.l^ 





This Exaitp'l^^: illustrates, ^the' preparation 
5..--. coDpositions containing magnesiuni hydroxide fitter : 

ExaitiDle VI 

A series ' of eopositione were ■ prepared ent?;';.; 

■ poia^ethy lene^ and: the . filler was_ aluminum ■^t^h^^^ra ■ 
■'lb- "■ with .''-With er'- calciuni-., ca'rhionatfr ' or ' z inc borate.. ' 

The eompourid&d coTDpostitionB of Runs 45 and 46 :w^re 
extruded into sheet using a single screw extruder equipped^ 
with a 8.9 cm screw and a sheeting die- 
Further details of the eon^ositions are as follows: 



10 
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■RUN . NO . 



42 



43 



'AS- 



fpba^Ke'thiy 1 ene * 



18 



is;.';;. {% of 



26: 



16 
16 



26 

39: 



■■^:r 



* See Tabl'iS i". _^ . ■ . ^ ■•-C . ; v.- ■ ;:\':^'' -i^^" 

■ ■**• Tn Runs- "!^^^fw"t3ie' : graft cbpoSim^ ;.>^ 

20 the graft copolymer was the graft copolyme^ of Runs 1-6 . 

"te;!)--"' ' . : - K;v:C:;S:v 

The. -sheet; .of;. Ruri was- ■.sub^eicted. to:.:th.e buirri: /.test >--^ 

' 7 ' '.and-'va^lues'-'of f^r-:^^^^^ 

This Exaitpl.e illustrates the preparation of, 
25 conpositions and sheet in which the filler is calcium 
carbonate or zinc borate. 

Example VII 

To illustrate the effect of amount of filler, a 
series of conpositions were prepared and compounded using a 
30 Gelimat mixer. The polymer was polyethylene, the filler was 
aluminum trihydrate (ATH 332) and the graft copolymer was the 
maleic anhydride-grafted copolymer of Example III. 

Melt index of the compounded compositions was 
measured by the procedure of ASTH D-1238 (Condition E), 
35 Further details of the con¥)Ositions were as 

follows: 

- 22 - 
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RUN MS. 


47 


4B 


49 


50 


51 


52 


53 


:■ 2114 {%) 


2i 
14 


1$ 


15 
10 


12 
6 


9 
6 


6 

■4. 


0 

- 5: 


t% c£ canpoeition) 


. 60 


65 . 


70 


75 


80 


85 


90 


■J ■■^'i^.\fk: ■•-cdrppsitioiv);-- 


5 




. 


. ,.5 


5 


5 


5 


Helt Index** 


3.5 


2. 7 


1.4 


0.6 


o;i 


m 


MM 



* Bee Example I, 
**• Melt index could not be measured for Runs 52 and 53. 
15 Attempts to measure jme It index for the composition of Run 

51 were hindered because the capillary, of the appa-ratw* . 

became plugged. : •.. ; - :,r.;^^:^v 

AltHOugti mel^t index could 
compositions of RuriB 52 and 53, those con«»osttions caulAy- y 
sti 11 be "pressed into plaqaes . 

The conposition discharged from the Gelimat mixer . .. 
in Runs 47-50 was in the form of « lump pf the molten 
composition. However in Run 51 the discharged compos it ion 
was in the form of. -pellets- and in Run 52' the discharged 
composition was in the form of a "coated powder". 



25 



30 



35 



- 23 - 



/ 



020T734 

.., , Example A^IU ■ . . ■ . 
poly e f hi^S:iT^»;S!^S^ 

followsif-. • . ;;v - ■. -^^ 



20 



25 



■ 2909 


30. 














2907 (i) ■' 




.20 


20 






30 


10 


2107 (%) 








20 








2114 {%f 




10 




10 






20 


2914 (%) 






10, 










0701 (%j " 










3D 






Melt In(3ex** 


0,52 


"0.40 


0.75 


0.33 


0.13 


0 


1.0 


(dg,/^tiin) 
















Shear Rate*** 


630 


570 


620 


650 


620 




630 


















Viscosity*** 


630 


SIS 


600 


640. 


515 




540 



(K.secyin^) 

* See Table I ' 

2909 = SCIAIR 2909 polyethylene, an ethylene 

30 homopolymer having a density of 0*960 g/cm? and 

* a melt index of 13.5 dg/min. 
2914 = SCLAIR 2914 polyethylene, an ethylene 

homopolymer having a density of 0,960 g/cm^ and 
a melt index of 50 dg/min. 
35 0701 = UC 0701 obtained from Union Carbide Corporation 

a polyethylene having a density of D.920 g/cm^ 
and a melt index of 5 dg/min. 
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cpii^ouri-cSe'd'f y&ifi^ ^ 
"Fuxtlver xJesi^ cflE^ the- -cpinposijlbions ' 

■.£ol:ibws;i 



RUN NO. 



61 



62 



63^ 



64' 



65 



5r,opyiene; . 

ST6100(%) 

Pi ller 
(% of con5)Osition) 

ATH 932 (%) 

Graft Copolymer** 
{% of composition) 

MA-g-2113 

MA-g-PB 

E-43 

Melt Index*** 
(dg/jnin) 

Shear Rate*** 
(Bee"-*-) 



18- 
12 



65 



IB- 
12 



65 



12 



65 



le 

12 
65 



0.5 1.2 0.2 0.1 

259 265 363 245 



18 
12 

65 



5 

0.8 

266 



ViscoBity*** 



1250 B70 510 1120 
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* 7523 ■= PRO FAX* 7523, obtained from Himpnt CB.n^ai^: -■J^rypi.,,.. 
a propylene copolymer having a denEity of 
" . D.-BSB o/cm? and- a^iiiielt ^JEiow. p^^ 
;PROFAX 64.31, qhtained- frpm Rimon* .Cz^ 
■ - " f.'':'. - .'b propylene homopolyiner ha vin g a den^ljby; .pf::;: 
/; i0L. .9:2 g/cm^'^and. B^r!i?iit fipw of ,■ 6..,^ -dg^^in^^; 
" - ' ■. :ST:6d:ppV -= iSHELL ST6i;00., ' .. dbtttined firoin v:Sheri ..etremlipapg^:;^^ 

Coir?>any, a propylene copolyiner having a; . deris i.ty . . 
■ / .„■: ■ ■ ': '.'Voif- 0 .905 g/crn^ and a mel-t flov of 12 dgv^ln:... {.V 
■**Hk-g-2:i:a:3 ■:■= the graft. :cqpqlyiner pf ■ Exainpl e ; I I.I.- ■ ; ;3;'v: 
•' Kii-:g~PB-- ' = PB 8340 .p>olybutene obtained from Shel^ .\. v' 

'■ - chemi ca 1;.; Company (me It index about ■^.Ogi/min'^lrK^^i^^^ 
grafted with 0.2% by weight, of maleic. . 
. ■ anhydride. ■ • ^ . ".'^ ;V /. / 

rS: ' E-43 = Epolene* maleated polypropylene wax, 

■ molecular weight about 450. ' . ■ S'-'^F 
The samples obtained in Runs 61-63 , made using a. 
blend of homopolymer of propylene and copolymer of . ethylene: . 
and propylene., were brittle. The samples, of Run 651, made , 
20 using a copolymer of ethylene and propylene and maleated ^ 
■ ■ polypropylene wax as -graft copolymer" were also brittle. 
In contrast, the saitples of Run 64, made using a copolymer 
of ethylene and propylene and grafted ethylene copolymer, 
exhibited a substantially higher degree of toughness. 

Example X 

A series of compositions were prepared using 
polybutene as the polymer. The composition was compounded 

using a Gelimat mixer* 

Further details of the compositions were as 

30 follows: 



35 
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RUN WO > 67 6^ — - 

:iffiH|§| ■ s^s . . js^.- ;:. ^ 

: -7 -'i^^'^^ac^ homogen«;iity;r ■ Bome unmlxid^' 'p€rl^:^:tS' .of.. j^ci|^^ 

r..-':-? cpn^ J^u^n 6.9o- _ 

SHELL -EB^/ip^^OO^ obtalixed -from iSh^ 

•2% - BB;:^p4:ttO- SHELL PB^v4*^0iO-^ "obtetned, :£roin^iSheli^;C^ 

: - - -g/cin5^-an:d::?a' me.lt" index "of" 2P".-dg/^inV" " ■ '^ ^v^^^^^ 

as in Exaitple III ^^-' /-^r - 

Example XI 

25 To illustrate the effect of amount of 

coi!5>atibiliser, a series of compositions were prepared and 
conpounded using a Gelimat mixer. In Runs 70-74 below, the 
ratio of 5CLAIR 2907 polyethylene : SCLAIR 2114' polyethylene 
was maintained at 3:2, 

50 The coiT5>ositions were injection raouldecJ into test 

barsr which were subjected to the procedures of ASTM D 790 
and D 256 to measure flexural modulus and notched Izod 
impact strength. 

Further details of the compositions emd the 

35 results obtained were as follows: 
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2907. 



35 



Filler ,r.:^m'-A:-S!'^i-k 
{■%. . of • ■ roiipo^if 



_ ATH -932,^.Cij|:: 






;: ;|65=-. 






65 




Graft D;^5i'j§TitS|;:^^ 






• ■■: 








."'ft' 


a>ear ' Rate ' ■ ■ : 


225; 


225: 






• 22p:'.'-'- 


22&;;.;. 


Vr2i5i: 




















lose: 


1150 


1210 


1265 


13DD 


1240 


1380 


Flexural Mi^Iiis 


2.74 


2.08 






1.48; 




i.;2i 


Notched, IzaJ:... 

- ( Jcxles>^i).S' - V-- ■- 


48 . 


'l7f 


230. 


256 


272 


' ■ 299 


■ ?.3ii= ' 



* see Exaitple: I 

** as in Example IXI 

This Exgnple illustrates that the anoont of graft ccpolymer 
does have an effect on nelt indtex and viscosity o£ the ccnpoeitions. 
Moreover, the addition of the graft Gcpoljaner used in this Exanple 
reduced the stiffness, as measured ty flexural modulus, c£ the 
ccnpositicms but resulted in a substantial increase in the touchiness, 
as measured ty notched Izod inpact strength, of the conpositions. 

- 28 - 




35 



- 29 - 



021DT734 

CLAIMS t 

1, A f ire-retrardant sheet rnsterial having ..a,,,^^^^^^^^^^^ 

thlck.n.e.s.B' ,of,.a-t Ip^s^ ,25:0 4i *al.d ;-fhei^t^;.ina:te;ri-al. h;?^vJ:T||^^ - 

palymer of Bt leas^t .one -,pf : ethylene; •and.lbuta^^ hayrrvg. 
™^ait:'-i:ndex of less.:.tfvin^:ir0.p- .dg/inrn.i, and - (iyO^- -^mjxfcu^.e|j^^^^ 
thSreof. with the.provx^f tbat at-jeast .2%..by weight' ;;a|::^^:;. 
cori^osltioh'is sai^: g^^ift dopolymarr arid- 

(b)> 55 to &&%''-by we-ight.pf the coinpps;i^:a^n., ;^£. 
filler, said f iller' coi^rislng.' 40: to 1^% i^^-^ei^^^^c^^^ 
leasVone of- alumina trihydrate and. .pa^gnesium .hydroxi<f^ 
.and; 0:r6b% by weight' of. at- leaBt one of. ^^"^ ^^^'^J^:^\}r 
" caicium' carbonate? . ' ''^i.:- 

said composition having a melt index in the range of OvQS 

to 4-0 dg/min.; and 

said fire-retardant sheet having a Flame Spread Index of 
less than 150 and a Smoke Density of less than 300, as 
measured by the procedures of ASTH E-84. 

2. The sheet material of Claim 1 in which the 
g^aft copolymer is formed by grafting at least one of an 
ethylenically unsaturated carboxylic acid and an anhydride 
thereof onto a homopolymer of ethylene or a copolymer of 
ethylene and at least one C4-CIO hydrocarbon 
alpha-olefin, or admixtures thereof. 

3. The sheet material of Claim 1 or Claim 2 in 
which the polyolefin is a homopolymer of ethylene or a 
copolymer of ethylene and at least one C4-CIO 
hydrocarbon alpha-olef in, or mixtures thereof. 

- 30 - 
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4 The sheet in*terl*l ef ^ny one ClalinB J-3. |ip 

i^'^S-WKich^iitHe .con,poBltion:con,pri:BeB; :2S :to ^^^ti^:^^i^of ■■.0, 
..■^..■••:.p6lYbl'e;£in-aad-S:5 to 'TS^I. -by ^^:ij^tyot :ti)A^X:,, ^ , 

''-■■^"'dZrs,^-' The •Bheef^TnaitertaX -of ' 'Wrii^ P^^r^^-:^^^^k^-^'S^ 



20 
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The sheet material of any one of :X:aBlniS: 1-T,|i^n 
^e£-'iS"S^et material "has- :a^^^ Spre^7fnbeK 6f..0ies^|v. ; 

•tl^£y;:and. a Sinok« .DehsLty of:,le^B: tli«n, 5t)v. . , . 

■ - 9. The Sheet material of any one of Cla^ins; l-^^^a^^ 
Which; the polymers of -ethyle-ne have>enB^t:ies;^il^ 
■ of- 'oXvaab t6;0.965 g./ ■ ^ .■ -T • 

10. The sheet material of any one of , Clalins. 1-?^ - 
ln--whiiih.:.the ;polymers of ethy^^ 

^ range^^oi 01935 to 0.9:55- Q/cinB. ."^S" 

11. The sheet luaterial of any one of Claiins l-:!^^ 
in which the polyolef in contains 2 to 2€* by weight of 

25 graft copolymer. ^ - i n 

12. The sheet material of any one of Claims 1 11 

in which the polymer of ethylene blended with the graft 
copolymer is 55 to 75% by weight of polymer, of . ethylene 
having a melt index of 3 to 10 dg/min. and 25 to 45% by 
weight of polymer of ethylene having a melt index of 30 to 

80 dg/min. ^ „, - „ i io 

13. The sheet material of any one of Claims 1-12 

in which the polyolef in has a melt index in the range of 5 
to 30 dg/min. 
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14. The Bheet material of any one of CUims ;^|^, . 
in vhich the qraft copolymer has a melt incJex in the ra.n|je- 

, of B to i&p idg/min. ri;: 

15. The sheet ma.te;rial of any one of CimmB-~':3^^-^ 

am the.:-f:orin,;of a ce:iii:n.g tile. V^ij^llp^^ 
'■■'''St - 16., ^The ^Bheet- material of any one ^ Cl^^^-^^^^-^}^^.^, - 

^ffij/ :in-XHiH^ithe,:fchicknes^. of the sheet ma;teri^l is ±t\-' ^O^i^^^^ 

''^■'''^'y 'i-j.t'\iK pTOce&s for .form^-ng a^ire-retardarit .,^S^^s|; j^^^^ 
^^Sf^^'t^t^'i^''^ t o- we^ig^it'iOf;' th«^;;co^ 

^Pffei^^riltMSi^i?^ 2% by -weigltt of at le^t pr>e- ■OfT a-;^.-;^f 

■^Sy^tipecii^Qnt^^ ^ hY^rocaibpn--^ppIyin^ ^s|id-;hy^c^og^^ 
-Mr-l0^^e±tig.-B- pbiymer, Of: at .le^ phg^of ■;.;^hifieii^^ 
:'S^:'tpeht$i^i^^^^ WlJt-^index of. les? tham^'lD'O .;dg^irp';.^^ 

V(iS®'iiS&e^^.therepf^ with, the- Proviso. tha;t , at. .ieai|f ^afejJp^.;^ 
vjii^ht -of tiie compos.ition is ' said; :graft ' copolymerr %fc;-^';;';-'.^- j ; .... 
22 ' (b) 55 to 75% by weight of the composition -bf;- a^: " 

filler, said filler cons>rising 40 to 100% by weight of ^ 
least one of alumina trihydrate and magnesium hydroxid^^:": ; ' 
and 0 to 60% by weight of at least one of zinc borate arid 
caiciuin carbonate; 
30 said composition having a melt index in the range of 0.05 

to -4.0 dg/min. , 

(B) heating said con?>osition to a temperature 
above the melting point of the polyolefin but less than the 
temperature of decomposition of the filler? and 
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(C) extruding Mid molten conjpoBition through a 
Bheetinp die and coolinQ t% sheet bo obtained, «aid 
ha vino e thickness of at least 250 yih. 

■:i vB„- .The :p,rpce#fe::-«?f> Claim .17 in which, the 
compos it'ton:ha:s been" cp^punded prior -to being ted to 

'extruaei^.ftdi,pted:^;fpr ^ ' , : ■::^:^M$: 

'y 1-9:..'' The prpces|; <jf.. .Claim 17 or •Claiirr;?!?^ in. 

the 'iiaf^t- '.i5Q^olSer-:i^ \i<ST^ 

an :^^00Jii£^m -^ris^ "''^^^'^'^ - '^-M-, 

anhySrile. :^he,reqf; oritx)..^«p)&9mpP^^ ^^^^SS'- '"^l ' :::;:::::y 

hydSSS]iomilli^:-Dl|^l^ : Svig;.V 

whii^cheSe-piypfei^ ^ftip- 

■whicli'.the acid is. mpi&#3 '^^'^^'^^^^^,^'-1^^ 



.22!ii ,. The. process of ;'ajrjy ;one.. oi Clai|njsj,.|;^-;.2|^^^ 
vhlci|;tlie ''|>Wief i^'-is^S.-^ .et'^^^^ cop^3iiner::;|nd^ 

^ies^t ~o& cf '^'.a 'hcHnDlqiyiier .x>f"" ^hyl^ -and: a '^copol^er-^^^.: 
ethylene and at ;ieast;ph^ ' Q. ; /' 

alpha— Gief'iri..- ^ .■ 

23. The process of any one of Claims: 17-22 in 
which the polymers of etijylehe have densities in the range 
of 0.890 to 0.965 g/cm3. 

24. The process of any one of Claims 17-23 in 
which the polymers of ethylene have densities in the range 
of 0.935 to 0.955 g/cm3. 

25. The process of any one of Claims 17-24 in 
which the polyol^f in contains 2 to 20% by weight of graft 
copolymer. 

26. The process of any pne of Claims 17-25 in 
which the polymer of ethylene blentied with the graft 
copolymer is 55 to 75% by weight of polymers of ethylene 
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having a melt index of 3 to 10 6g/min. and 25 to 45ft bj^:; 
weight of polyiners of ethylene having a melt Index of 3^;:;t^^^ 

.'8:0 ;.d.g;/inln. ■ . ■ . . ' 

27. The procesB of any one of Clainiis 17-26 i^n ^.^^^^ 
wh.iph .the polyolefin has a melt index in the range pf\:^J0^:,y.'J- 

■•V 3 0 #g'/inin-.- ..^-^^^o./^^^ 
iSVv- 2B- TherprocesE' -pf any - on:e- .of . ;Clairn5, .r7--2;7- i^:;:-,^ 

which the graf t copolymer has a melt indiex in the ra:nge^^c^ < ^ 

'■'J^: 29. A. .compositipn coinpxi^i-ng^^ ^,,^,;yi;^v^'^ ^ 

pS- . (a') 10 ^ t *5i% jby ; jvei'gtvt df thei-:;comp.os?^;td e^^^ 

poiyoPe;f^in ^select^d .f roin^:; tShe -g^ro 

' hdmpp(|^^ ' o£ ■ hydrocai:l>ori 7aip^ . haying;; 

hydrocarbon ;alpha--olef in, ;&ving '3^ vt'oy.iO:Vcarbc)n^^ 
■■K' gi-aft ^cbpol^ ■:forined:*:l>5r::graft 0-,2;:'itc>:^;2*w 
J'^'^v'r.at 'ireais^t^ one" of' ah^ethyiejiically un^atuirated^rc^ 

■ aci^cj'-^or- ^derivative, thereof :'- onto" :a .iq^ydrocarborr ;EQg^^ 
.hydteac^ being a^ ^polymer of -aMt l:ea5t . .pii^ 

■ ZO" ■ ethyleiie" and' butene, .and' ' tiv) inixtu^res; ; 

proviso that -at ieast 2%: by weight of the coinppfi.tiqn; Is^-^^^ - 
said; graft copolymer; and 

(b ) 55 to 90% by , weight of the cpirposition of: a- .^^^^ V 
f ilier, said filler comprising 40 to 100% by weight of at 
25 least one of alumina trihydrate and magnesium hydroxide ,^ 
and 0 to 60% by weight of at least one of zinc borate and 
calcium carbonate r 

said composition having a melt index in the range of 0^5 to 
4.0 dg/xnin. 

30 30. The composition of Claim 29 in which the 

polyolefin is a homopolymer of ethylene or a copolymer of 

ethylene and at least one C4-C10 hydrocarbon 

alpha-olef in, or mixtures thereof. 

31. The composition of Claim 29 or Claim 30 in 
35 which the graft copolymer is formed by grafting at least 

one of an ethylenically unsaturated carboxylic acid and an 
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anhydritSe thtreof onto a hom^pDlyn^rr of • thy lent or a 

copolymer ol ethylene and at least pne C4rClO 
hydrocarbon a i.pha^^^^^ Jnlxtures th^M^^ 

"]i2:» Ttiif^r c^mpowi"^^ -any- one :pf ;:Clai:mB 2;9^3^J- 

which-.thc--acid it malelo a:c4id; and- the -anhy^r^^^^^ 

anhyd:ri;d;e./\-^^' .. ■■v., .V;'. ' -M'^ 

3;3;., ThC coiffpoE;irt:ii^^^^ ariy;;-one d£..^^^ 
wh ich the/p^^ is a^ bljejnd of J3xa:f:t ^.cppolynier;.^^ 
leait ■ one q|- - a • ipriop p^y ; . cpppjjy rn^r'' ^c>^l;;:>|:rr 
c t hyie ne a nd a t le a b t one e:4-^ iio ^ hy;d:roc^rt?pn^ . 
aip^ha^oi-efii^^^^^ " v:Jr: . ^. :;>v ^ 

Mhith the p^^ 'i^five-jden&li^ ■in,^,.thf^;-jx^a^ 

' ■ 3:5.* ; TlT^: :cbiTif>:o&^^ any one pf ^Clarms;:..2^^ 

which- the- ;paiynie:rS; -of ^-/ethylene:^ in -±he\^i^mij^^ 

of 0.935 to 0.955 g/ra \ 

■ . 36;.' ' llie compos on of ■ any one of :> Claims;/:^ 
whidh the pplyol^ln Contains .- - ^ 2iD*/b3r/.we^ 

- ; 3-7v ^ Thie con^osxt ion of argr one o ;&n^ 
which the polymer of ethy-ieTie blended with the graft 
copolymer 55 to 75% tor weight of poly^ 
having a melt index of 3 to 10 dg/min. and 25 to 45% by 
weight of polymer of ethylene having a melt index of 30 to 
80 dg/min. 

38. The composition of any one* of Claims 29-37 in 
which the polyolefin has a melt index in the range of 5 to 
30 dg/min. 

39. The composition of any one of Claims 29-38 in 
which the graft copolymer has a melt index in the range of 

5 to 100 dg/min. 

40. The composition of Claim 29 in which the 
polyolefin is a copolymer of ethylene and propylene. 

41. The composition of Claim 29 in which the 
polyolefin is polybutene. 
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